Summary. Demographic and biological data were collected from all Caucasian Type 1 diabetic patients (n = 279) who were recruited at clinical onset by the Belgian Diabetes Registry over 34 months. The male/female ratio was significantly higher for onset between age 20 and 40 years (2.4) than before age 20years (1.0); no age-or sex-differences were noticed in serum fructosamine concentration. Total and high concentrations of insulin autoantibodies and islet cell antibodies were preferentially associated with the HLA DQAI*0301-DQBI*0302 susceptibility haplotype. The occurrence of both types of antibodies was also correlated, irrespective of haplotype. At onset before age 10 years, the high risk genotype DQAI*0301-DQBI*0302/DQAI*0501-DQBI*0201 was more prevalent than all other DQA1-DQB1 genotypes taken together, leading to a higher prevalence of the DQAI*0301-DQBI*0302 haplotype in this age group (75 %) than in the 10-39 years age group (54 %). Under age 10years, the presence of DQAI*0301-DQBI*0302 was strongly associated with insulin autoantibodies (90 %) and islet cell autoantibodies (92 % with 85 % of high titre), whereas patients without this haplotype were less frequently positive for insulin autoantibodies (31%) or islet cell autoantibodies (38 % high titre). In the group with onset at age 10.39years, the DQAI*0301-DQBI*0302 haplotype presented a lower association with insulin autoantibodies (-40 %) and islet cell autoantibodies (50 to 65 % high titre), prevalences which no longer differed from those in subjects lacking this haplotype. The present data demonstrate that variations in prevalence of insulin autoantibodies and islet cell autoantibodies at onset of Type 1 diabetes can result from differences in age and in the fraction of patients with the HLA DQAI*0301-DQBI*0302 haplotype. The presence of this susceptibility haplotype at onset under age 10 years identifies a sub-group of patients with more than 90% positivity for insulin autoantibodies and more than 90 % positivity for islet cell autoantibodies. It is conceivable that this sub-group can be recognized in the pre-diabetic phase through screening for immunological and genetic markers.
Despite the emergence of new promising immune markers for Type 1 (insulin-dependent) diabetes mellitus [1] [2] [3] , autoantibodies directed against as yet undefined islet cell cytoplasmic antigens (islet cell cytoplasmic antibodies; ICA) and against insulin (insulin autoantibodies; IAA) are presently the only available antibody tests that are applicable to population screening for individuals at risk [4] [5] [6] [7] [8] [9] [10] . Genetic risk for Type 1 diabetes has been associated with the presence or absence of HLA DQA1-DQB1 susceptibility haplotypes such as DQAI*0301-DQBI*0302 or DQAI*0501-DQBI*0201 and, even more so, with the specific genotypic combination of maternally and paternally inherited DQA1-DQB1 haplotypes [11] [12] [13] [14] [15] [16] . Recent studies have suggested that immunological and genetic risk markers for Type i diabetes can be preferentially associated [17] [18] [19] [20] creating the perspective that joint determination of markers might increase the success at which the disease can be predicted. Long-term prospective studies are needed to assess this possibility. It is, in this context, important to know whether and how these immunological and genetic markers are associated at the end-point of the preclinical phase of the disease, i. e. the time of clinical onset [21] . In the present study we assess the association of ICA and IAA with the presence of specific HLA DQA1-DQB1 susceptibility haplotypes and genotypes in 279 Caucasian Type 1 diabetic patients under age 40 years, sampled at clinical onset.
Subjects and methods

Subjects
Between June 1989 and March 1992, 540 Caucasians with recentonset Type 1 diabetes were consecutively recruited by the Belgian Diabetes Registry, a national data and sample bank for newly diagnosed Type 1 diabetic patients and their first degree relatives under age 40 years [22] . The registry collects data on approximately 40 % of all new cases of Type 1 diabetes in Belgium. In 279 patients, blood could be sampled before start of insulin therapy or, at the latest, within 7 days of initial treatment for determination of IAA, ICA, fructosamine and HLA DQ genotyping; only these samples were used for further analysis. The age-and sex-distribution of the 279 studied patients did not differ significantly from the values observed in all registered patients, which also included patients not sampled at onset. In this larger group (n = 540), 49 % of the subjects developed the disease before age 20 years and 58 % were males; the male/female ratio was 1.0 for onset before age 20 years and 1.8 for onset between age 20 and 40 years (n = 540). The diagnosis of Type 1 diabetes was assessed according to the criteria of the National Diabetes Data Group [23] . The group with patients sampled at onset comprised 170 males and 109 females ( Table 1) . Irrespective of age and ICA-positivity at onset, the presence of ketonuria was reported in over 85 % of the patients. C-peptide values (determined locally) were only available in a minority of cases, rendering comparisons difficult. Healthy Caucasian control subjects (n = 362) were randomly recruited in the provinces of Antwerp and Brabant for HLA DQ genotyping and comprised 203 males (56 %) and 159 females (44 %) with a mean age of 16 years (range 0-39 years).
HLA-D Q genotyping
DNA was extracted from EDTA-blood and stored at -20 ~ Part of the second exon of the DQA1 and DQB1 genes was amplified in vitro by polymerase chain reaction (PCR) using Taq DNA-polymerase [16] . Amplified DNA was dot-blotted on a nylon membrane and hybridized to a panel of 15 different 32p 5' end-labelled allele-specific oligonucleotide probes (see [16] for sequences of primers and probes). The latest nomenclature of the World Health Organization committee for factors of the HLA system was used [24] .
IAA testing
IAA were measured by radiobinding assay, according to a modification [25] of the original Palmer-protocol [26, 27] and validated in successive Immunology of Diabetes Workshops for IAA-standardizafion [25] . Sera with IAA-concentrafions greater than or equal to 0.7 % (mean + 3SD of 196 healthy control subjects with a mean age of 20 years; range 1-40 years) were scored positive and results greater than or equal to 1.5 % (mean + 10 SD of healthy control subjects) were considered to be high concentrations.
ICA testing
ICA were measured by an immunohistochemical assay using cryosections of fresh-frozen human pancreas (blood group O) as substrate. A modification of the method of Bottazzo et al. [281 was used. Briefly, 6 gm cryosections of unfixed human blood group O pancreas were air-dried on glass slides. Serum samples were diluted ten-fold in phosphate buffered saline (PBS: 7.52 g K2HPO4 3H20, 1.32 g NaH2PO4.2H20, 7.2 g NaC1 per litre, pH 7.3) containing 15 g bovine serum albumin (BSA, fraction V, RIA-grade; Sigma Chemical Corp, St. Louis, Mo. USA) and 20 mmol benzamidine (AldrichEurope, Beersel, Belgium) per litre. Diluted serum (100 ~tl) was layered on the section and incubated overnight at 4~ The slides were washed with PBS and again incubated for 30 min at room tem-C. L. Vandewalle et al.: Biological markers at onset of Type 1 diabetes perature with FITC (fluorescein isothiocyanate)-labelled rabbit anti-human IgG Fc fragment antiserum (Dakopatts, Glostrup, Denmark) diluted 1/40 in PBS. The slides were washed again and evaluated under a fluorescence microscope (Carl Zeiss, Oberkochen, Germany) by two independent observers. When positive at the initial dilution, further serial two-fold dilution steps were evaluated to determine the end-point titre (highest positive dilution). Positive and negative control sera were included in each assay for internal quality control. The end-point titres were converted to Juvenile Diabetes Foundation units (JDFU) through a standard curve obtained by plotting the end-point titres for different dilutions of a JDF standard serum against their assigned values in JDFU. Sera from 196 healthy control subjects (mean age of 20 years; range 1-40 years) were all ICA-negative, except two samples which contained 6 JDFU. Therefore a titre of at least 12 JDFU was considered to be increased and results greater than or equal to 50 JDFU were considered to represent high titres. The test was clinically validated through repeated participation in external quality control programmes (IDW-workshops) [25] .
Fructosamine testing
Serum fructosamine was measured with a commercial kit [29] (TestCombination Fructosamine, kit N ~ 1-298-194; Boehringer Mannheim, Mannheim, Germany) adapted to a Cobas-Bio centrifugal analyser (Hoffman-LaRoche, Basel, Switzerland) [30] . Age-adjusted reference values were determined by analysing sera from 195 healthy control subjects (aged 0-39 years) comprising children and adolescents attending the paediatric department (n = 136), blood donors and laboratory workers (n = 59). The 1st and 99th percentiles were taken as the lower, respectively upper limit of the reference interval for each age category (reference range for 0-2 years: 148- 
Statistical analysis
A chi-squared test was used to estimate overall statistical differences in prevalence between multiple groups. In the particular case of two groups, a chi-squared test with Yates' correction or Fisher's exact test . The Mann-Whitney U test was used to compare median values from two independent groups. All statistical tests were performed two-tailed. Relative risk (RR) was calculated from the formula RR = (a*d)/(b*c) in which a and c are the numbers of patients and control subjects presenting a given marker (HLA haptotype or-genotype) and b and d are the numbers of marker-negative patients and control subjects [31] . When an element of this equation was zero, RR was calculated with the Haldane formula [16] : RR = (2a + 1)*(2d + 1 )/(2b + 1)*(2c + 1).
Results
Demographic and me~abolic data
The studied Type 1 diabetic patients were equally distributed among the age groups 0-19 years and 20-39 years (Table 1) . Below age 20, the male/female ratio (M/F) approximated 1, but in the older age group, there was a significant excess of male patients (M/F = 2.4). Fructosamine concentrations were not significantly different between both age groups and exceeded the 99th percentile of ageadjusted reference ranges in 99% of the patients for whom sufficient serum was available for fructosamine testing (268 of 271). Fructosamine concentrations did not differ significantly between males and females and were not correlated with age at onset or with IAA or ICA concentrations (results not shown).
Association between HLA DQ haplotypes and autoantibodies
The prevalence of both IAA ( _> 0.7 %) and ICA ( _> 12 JDFU) was significantly higher in Type i diabetic patients carrying at least one copy of the HLA DQAI*0301-DQBI*0302 diabetes susceptibility haplotype, but did not differ according to the presence or absence of the HLA DQAI*0501-DQBI*0201 susceptibility haplotype (Table 2) . Patients carrying at least one copy of DQA1-*0301-DQB1*0302 also more frequently presented high concentrations of IAA (> 1.5 %; corresponding to the mean of control subjects + 10 SD), and high titre ICA ( > 50 JDFU) as compared to patients lacking this haplotype. Again, no such differences in antibody prevalence existed in patients with or without DQA1*0501-DQB1-"0201 (Table 2) .
Association between HLA DQ genotypes and autoantibodies
To assess any associations of autoantibody prevalence with specific DQA1-DQB1 genotypes, we divided subjects into the following six groups on the basis of the possible combinations of DQA1-DQB1 susceptibility haptotypes into genotypes: 0301-0302/0501-0201, 0301-0302/0301-0302, 0501-0201/0501-0201, 0301-0302/X, 0501-0201/X and X/X where X represents any haplotype other than 0301-0302 or 0501-0201. According to the frequency of these genotypes in the presently studied patients at onset and in a large cohort of non-diabetic control individuals [16] , the RR for Type 1 diabetes conferred by these various genotypes amounted respectively to 31.5, 9.9, 2.6, 1.9, 1.0 and 0.2. The prevalences of IAA (> 0.7%) and ICA (> 12 JDFU) were overall significantly different between the various genotypes (Table 3) . Higher values for IAA-prevalence ( > 40 %) and ICA-prevalence ( > 70 %) were 
Association of biological rnarkers with age and sex
The occurrence of IAA, ICA and diabetes susceptibility haplotypes and genotypes was further investigated as a function of age at onset and sex (Table 4) . With the exception of homozygosity for DQAI*0301-DQBI*0302, the tested immune and genetic markers were more prevalent in patients with younger age at clinical onset. The IAA-positive subjects were significantly younger than the IAA-negative ones (median age: 15 years and 26 years, respectively; p < 0.001), the ICA-positive subjects were younger than the ICA-negative ones (median age: 18 years and 30 years, respectively: p < 0.001), and the subjects with the high risk heterozygous genotype DQAl*0301-DQBl*0302/DQA1*0501-DQB1-"0201 were younger than the others (median age: 16 years and 23 years, respectively; p < 0.001). Nevertheless, 92 % of patients with onset after age 20 years were positive for at least one type of autoantibody or carried at least one HLA-DQ susceptibility haplotype. Overall, autoantibodies were more prevalent in females than in males (for IAA: 51% vs 36 %, p < 0.02; for ICA: 77 % vs 66 %, p < 0.05).
In view of the increase in male/female ratio in patients with onset after age 20 years and of the age-and sex-dependent occurrence of IAA and ICA at clinical manifestation, we compared the prevalence of both immune markers in patients grouped according to age at onset and sex. IAA-prevalence decreased significantly with age at onset in both sexes (Table 5) , especially from age 10 years and older. For ICA, a significant decline of prevalence with age was also observed in both sexes, especially from age 20 years and older (Table 5) . When considering the 10-or 20-year age groups, males and females did not differ significantly in prevalence of IAA, ICA, the DQAI*0301- Table 6 . Prevalence of insulin autoantibodies (IAA) and islet cell autoantibodies (ICA) in Type 1 diabetic patients of different age groups (0-9 years, n = 52; 10-t 9 years, n = 74; 20-39 years, n = 153) after classification according to HLA DQAI*-DQBI* genotype Genotypes comprising at least one copy of DQAI*0301-DQBI*0302 occurred more frequently in younger (0-9 years) than in older (10-39 years) patients (Table 6 ). This association was exclusively attributed to the higher prevalence of the high risk heterozygous genotype DQAI*0301-DQBI*0302/DQAI*0501-DQB1-/ "0201 in patients under age 10 years. The prevalence of the other DQA1 *0301-DQB 1"0302 containing genotypes did not differ significantly among age groups (Table 6) . Conversely, genotypes lacking DQAI*0301-DQBI*0302 occurred relatively more frequently at later age of onset (Table 6 ). Comparison of the relative abundance of a given genotype in patients aged 0-9 years, 10-19 years or 20-39 years and in age-matched control subjects, allowed estimation of the RR conferred by this genotype in a particular age group. The high risk heterozygous genotype exhibited -as expected -the highest RR for Type 1 diabetes, being more than two-fold higher under age 10years (RR51) than in the 10-39years age group (RR 13 to 19). The other genotypes carrying a DQA1-*0301-DQB1*0302 haplotype exhibited only a slightly increased risk (RR 1.5 to 3) without age-dependency. Within these various genetically defined groups, the male/female ratio changed with age at onset, being invariably below I in patients under age 10 years (range 0.7-0.9) and above 1.9 in onset at age 20-39 years (range 1.9-3.1). The highest value (3.1) was observed in subjects, ages 20-39years, who lacked the DQAI*0301-DQBI*0302 haplotype. Sex ratios did not vary significantly with the genotype within each age group (Table 6 ).
In patients under age 10, the presence of the DQAI*0301-DQBI*0302 haplotype was associated with 90 % positivity for IAA and 92 % positivity for tCA, 85 % displaying high titre ICA (Table 6 ). Within this age group, patients carrying the susceptibility haplotype in combination with any other haplotype except DQAI*0501-DQBI*0201, were all positive for IAA and high titre ICA. In the absence of the DQAI*0301-DQBI*0302 haplotype, a much lower prevalence of IAA (31%) and high titre ICA (38 %) was noted. In patients with onset between age 10 and 40 years, the diabetes susceptibility haplotype DQAI*0301-DQBI*0302 occurred less frequently than in the group under age 10 years and was no longer preferentially associated with IAA and high titre ICA. In the older age categories, the prevalence of these antibodies was not significantly different for patients with or without the DQAI*0301-DQBI*0302 haplotype (Table 6 ). Overall, the prevalence of (high concentrations of) IAA and ICA decreased significantly with age in the presence of DQAI*0301-DQBI*0302, but not or only borderline in its absence (Table 6 ). For onset under age 10 years, antibody prevalence was significantly higher in presence of DQAl*0301-DQB1*0302 than in its absence. In older age groups, this difference was not significant, even without considering corrections for multiple comparisons (Bonferroni).
Discussion
Systematic collection of data from a large number of Type 1 diabetic patients, with age of onset up to 40 years allows a comparison of biological markers in different age categories [32, 33] . Our patient group comprised an equal number of males and females under age 20 years. Similar to Sweden [33] , a male predominance was seen for clinical onset after age 20 years. It is so far unknown whether susceptibility to Type 1 diabetes is increased in males or resistance to the disease is greater in females, nor whether the observed difference is caused by sex-linked differences in life style, by genetic (X-or Y-chromosome-linked) susceptibility factors, or by the hormonal status. In the present study, the excess of male patients with onset after age 20 years appeared independent of the genetic risk conferred by various HLA DQA1-DQB1 genotypes. Nevertheless, it should be noted that the male predominance was most pronounced in 20-to 39-year-old patients lacking the DQAI*0301-DQB 1"0302 haplotype. A larger study group is required to further investigate this issue. As judged by fructosamine concentrations, the degree of metabolic dysregulation at onset was similar in the age groups 0-19 years and 20-39 years and did not differ between males and females.
A high prevalence of IAA-and of ICA-positivity was noted at onset of Type 1 diabetes, which is in agreement with previous work [10, 17, 21, 26, [32] [33] [34] [35] . In contrast to previous studies [32, [36] [37] [38] , the prevalence of IAA and ICA varied according to the HLA DQ haplotype. The presence of IAA was associated with the DQAI*0301-DQB 1"0302 haplotype, confirming and extending the observation of a preferential occurrence of IAA in DR4-positive Type 1 diabetic patients [17, 39, 40] . Among the various DQAI*0301-DQB 1"0302 containing genotypes, no significant difference in IAA-prevalence could be demonstrated. A significant association was also observed between (high titre) ICA and the presence of the DQAI*0301-DQBI*0302 haplotype, which contradicts reports describing no relationship between ICAprevalence and HLA DR4 in Type i diabetic patients [17, 32, 36, 40] , but corroborates other studies describing an association between ICA and HLA DR3 and/or DR4 [41, 42] . In the present series, no significant difference in ICAprevalence was found between various DQAI*0301-DQBl*0302-containing genotypes. Irrespective of the presence of the DQAI*0301-DQB 1"0302 haplotype, ICA and IAA were significantly associated at onset of Type 1 diabetes confirming previous observations [20, 27, 39, 43] and contradicting others [37, 38] . The discrepancy between various publications investigating possible associations among genetic and immunological markers in Type 1 diabetes might be due to differences in specificity of the tested markers as well as to differences in sensitivity of the assays. In the present study, clear associations between genetic and immunological markers were demonstrated by using antibody assays which have been validated in consecutive IDW-programmes [25] and by genetic analysis of the HLA DQ locus, which is known to be more closely linked to diabetes-susceptibility than HLA DR [11] [12] [13] [14] [15] [16] .
The frequency of immunological and genetic markers varied significantly with age at onset and sex. In all age groups, antibodies were, in general, more prevalent in females than in males. In agreement with previous reports [16, 25, 33, 41, 44, 45] , but unlike others [17, 32] , IAA, ICA (both total and high concentration), the high risk heterozygous genotype and hence the DQAI*0301-DQBI*0302 haplotype occurred more frequently at younger age of onset. Only in patients below age 10 years C. L. Vandewalle et al.: Biological markers at onset of Type l diabetes were IAA and ICA preferentially associated with the DQAI*0301-DQBI*0302 haplotype. The higher prevalence of IAA and ICA at younger age of onset may be explained by the combination of this preferential association and the higher prevalence of the DQAI*0301-DQBI*0302 haplotype at onset below age 10 years, which in turn is solely determined by the higher prevalence of the high risk heterozygous genotype in this age group. Patients with onset under age 10 years without the diabetes susceptibility haplotype presented a lower prevalence of autoantibodies, as in all patients with onset at age 10-39. In the latter group, this susceptibility haplotype occurred less frequently because of the lower prevalence of the high risk heterozygous genotype and was no longer preferentially associated with IAA or ICA; autoantibody prevalence was lower and largely independent of the susceptibility haplotype. Reported variations in prevalence and age-dependence of the autoantibody response at onset [17, [32] [33] [34] [35] 44] thus might partly result from betweenstudy differences in the patients' age at onset and in haplotype distribution among subjects. Preferential association of IAA, ICA and susceptibility haplotypes at clinical onset of Type i diabetes under age 10 years identifies a sub-group of individuals with more than 90 % positivity for IAA and more than 90 % positivity for ICA. This subgroup may be recognized preclinically through a combination of immunological and genetic markers. It therefore seems interesting to assess associations between genetic and immunological markers in groups of subjects at risk for Type i diabetes, e.g. first degree relatives of Type 1 diabetic patients or ICA-positive schoolchildren, and to monitor these markers until the diabetic end-point.
The decreasing frequency of IAA, ICA and high risk heterozygous genotype with age at onset of Type 1 diabetes, also stresses the need to exclude an increasing admixture of Type 2 (non-insulin-dependent) diabetic cases, mistakenly classified as having Type 1 diabetes, in the older age groups [46] . The present study can do this using the following arguments. First, all patients were recruited according to the same clinical criteria [23] . Almost all subjects with onset after age 20 were positive for at least one type of autoantibody or one susceptibility haplotype associated with Type i diabetes. Ketonuria was noted at onset in the vast majority of patients, also in the ICA-negative subjects. Secondly, the relative abundance of various HLA DQA1-DQB1 genotypes at different ages of onset was similar to that noted in a previous study in patients with long-term Type i diabetes recruited outside the Belgian Diabetes Registry [16] . Furthermore, the decrease in autoantibody prevalence with advancing age at onset was also present in the patients.carrying the heterozygous high risk genotype, which is specifically associated with Type 1 diabetes but is very rare in control subjects or patients with Type 2 diabetes [16] . By contrast, the prevalence of (high concentrations of) IAA or ICA was not markedly decreased at later age of onset in the patients without the DQAI*0301-DQBI*0302 susceptibility haplotype. Finally, in the case of IAA and the high risk heterozygous genotype, the frequency of marker positivity started to decline well before age 20 years where significant admixture of Type 2 cases is highly unlikely.
In conclusion, the present study has confirmed heterogeneity among Type 1 diabetic patients. The disease seems to affect significantly more males than females, for those with onset after age 20 years. In subjects with the high risk heterozygous genotype, the clinical disease appears more frequently before age 10 years and is then more often associated with the presence of (high concentrations of) IAA and ICA. This age-dependent association with autoantibodies also exists in patients with other DQAI*0301-DQBI*0302 containing genotypes, which, however, confer only a moderate and age-independent RR for Type 1 diabetes. Finally, genotypes without DQAI*0301-DQBI*0302 occur more frequently at mater age of onset, confer a low RR for Type 1 diabetes, and are associated with a low, less age-dependent, prevalence of autoantibodies. The presence of DQAI*0301-DQBI*0302 in patients with onset before age 10 years defines a sub-group with more than 90 % positivity for IAA and more than 90 % positivity for ICA raising the question whether this haplotype is also associated with more autoantibody positivity in normal control subj ects and first degree relatives under age 10 years.
